Background: Home delivery is the most frequent childbirth practice in Ethiopia and brings health risks for many mothers and their babies which in turn affecting the whole families. Characterizing the spatial variations and the associated factors of home deliveries after antenatal care visit is necessary to prioritize risks and facilitate geographically based interventions. Method: A community-based cross-sectional study design was carried out between February and March 2016. A total of 528 women who had just given birth were interviewed face-to-face using a questionnaire. Geo-referenced data were collected using a handheld global positioning system (GPS). The Bernoulli model was applied using the SatScan ™ software to analyze the purely spatial clusters of home deliveries. ArcGIS version 10.1 was used to visualize clusters of home delivery. Conclusion: The proportion of home delivery after ANC visit was decreasing compared to other studies conducted in the region. In addition, spatial variations of home delivery were observed in the study area. Promoting women's education and behavioral change communication at the grass root level, provision of the services both at home and health facilities and improving the quality and capacity of the health providers are some of the recommendations forwarded.
Background
Globally, maternal health is a health agenda of priority. Though the majority of maternal deaths are preventable, every minute of every day, somewhere in the world, women lose their life due to complications related to pregnancy and childbirth [1] . More than half a million women die from causes related to pregnancy and childbirth annually [2] . Home deliveries, which are particularly common in developing countries, bring significant health risks for many mothers and their babies [3] .
Of all the health indicators associated with maternal mortality, a remarkable gap exists between affluent and poor women, both between and within countries. Of the globally estimated 289,000 maternal deaths in 2013, a decline of 45% from 1990, the sub-Saharan Africa region alone accounted for 62% (179000) of global deaths followed by Southern Asia at 24% (69000) [2] . Notably, maternal deaths and pregnancy/ childbirth-related disablements also severely affect the whole family's health and wellbeing [4] .
Developing regions account for approximately 99% (302000) of the global maternal deaths in 2015, with sub-Saharan Africa alone accounting for roughly 66% (201000), followed by Southern Asia (66000) [1] .
In Ethiopia, 84% of births are home deliveries. Decreasing the proportion of home deliveries is an important strategic effort to reduce the maternal mortality rate. Although socio-economic, demographic, and environmental factors influence the prevalence of home deliveries, geographic factors are the major determinants in developing countries [5] . Indeed, the majority of women in Ethiopia live in rural areas where health facilities are inaccessible.
The application of spatial statistics and a geographic information system (GIS) are being progressively employed to identify clusters of health events and to geographically investigate disease patterns [6] [7] [8] . Spatial variation analysis is useful to identify the occurrence of disproportion by place and to plan the timely allocation of resources [9] . However, these methods have rarely been employed to analyze the spatial distribution of home deliveries. Considering that characterizing the spatial variation of home delivery is necessary to prioritize risks and facilitate geographically based interventions, we implemented these methods in the current study.
Methods

Study design and settings
This was a community-based cross-sectional study that assessed the spatial variation and associated factors of women's home deliveries after ANC visits in Lay Gayint district, Amhara Regional State, northwest Ethiopia. The study was conducted between February 15, 2016, and March 13, 2016 . The district has 29 kebeles (the smallest local administrative units). Of these, 25 are rural kebeles. Healthcare services in the district are provided to the community by 9 health centers, 38 health posts, and 1 primary hospital (Fig. 1) . Of the estimated population of 230,561, 116, 322(50.4%) are women and 31,511(13.7%) are urban inhabitants. The district has an area of 1522.43 km 2 with a population density of 151.44 persons per square kilometer. Of the 116,322 females, 54,956 (47.2%) were within the reproductive age at the time of the study. The estimated annual delivery number within this period was 1852 births [10] .
Sample size and sampling procedures
The sample size was calculated using a single population proportion formula with an assumption of a 95% confidence interval, 5% margin of error, 1.5 design effect, 10% non-response rate, and 68.4% home delivery prevalence [11] . The final sample size was 548.
A total of 1048 estimated the number of deliveries was identified from all kebeles. Using proportional Fig. 1 Map of study area Lay Gayint district, Northwest Ethiopia; 2016 allocation followed by a simple random sampling technique, 548 women who gave birth during the previous 12 months prior to the study period and had one or more ANC visits were involved from six rural and two urban kebeles (25% from the total 29 kebeles). A document review was carried out at ANC clinics to identify eligible participants, and the logbook of health extension workers was crosschecked to verify eligible participants. The sample size was allocated proportionally to each ANC clinic according to the total number of deliveries in the study period. Eligible participants were reached in person using their addresses, obtained from the ANC clinics and health extension worker's logbook.
Operational definition
Home delivery was defined as unattended childbirth in a non-clinical setting that takes place in a residence rather than a health facility.
Skilled professionals are health personnel who is able to manage normal and complicated labor. The distance was defined as the distance between the respondents' home to the nearest health facility and health extension worker's home. It was calculated by using an arc GIS nearby function.
Data collection procedures
We implemented a structured and pre-tested interviewer-administered questionnaire that comprised items concerning socio-demographic, accessibility, behavioral and obstetric factors. The questionnaire was prepared in English and then translated to Amharic (the local and national language) and then translated back to English by language experts to check its consistency. The location data were taken at women's homes, the health extension worker's home and at health facilities using a handheld GPS with a precision of 3 m. Shapefiles were obtained from the Central Statistical Agency (CSA) [12] . The location data and attributes were cross-linked with kebeles using the Arc GIS version 10.1 software [13] and characterized by unique latitude and longitude coordinates.
Data quality control measures
The training was given for data collectors and supervisors on the objectives of the study, data collection, and keeping the confidentiality of respondents prior to data collection. The completeness of the questionnaire was checked.
Statistical analysis
Data were entered, edited, and cleaned using EpiInfo version 7 and exported to SPSS version 20 for further statistical analysis. The binary logistic regression method was used to analyze the association between variables including distance from health facility, distance from the nearest HEW's home, residence, age, education, source of information about ANC, benefit of ANC, ANC visits, health education, decision on place of delivery, knowledge on place of delivery, gravidity, parity, wealth index, and place of delivery. Variables found to have an association with the dependent variable at a p-value of less than 0.2 in the bivariable analysis were entered into the multivariable binary logistic regression model for controlling the possible effects of confounders. Variables that had a significant association were identified on the bases of the odds ratio (OR), 95% CI, and a p-value of less than 0.05.
Statistical methods for spatial analysis
The Bernoulli model was applied using SaTScan™ software to analyze the spatial distribution of home deliveries following an ANC visit [14] . The spatial scan statistic used a circular scan window to scan the population at risk by moving across the study area. In this study, the size of the scan window was set to < 10% of the population at risk to scan for small clusters. The likelihood function was maximized over all windows, and the window with the maximum likelihood constituted the most likely cluster [15] . The non-overlapping possibility was used to identify secondary clusters. Clusters with significant large likelihood ratios were recognized. The p-value was generated using Monte Carlo replications. The number of Monte Carlo replications was set to 999 to ensure acceptable power for defining clusters. A pvalue of less than 0.05 was considered to be statistically significant. The specific locations of clusters were calculated in terms of relative risks (RRs). A cluster with RR > 1 indicates an increased risk compared to the risk outside that cluster [14, 15] .
Study participant's location data were linked to a cluster polygon map of the kebeles using Arc GIS software. The near function method was used to calculate the distance of each study participant's home from the nearest health extension worker's home and the nearest health facility.
Local Moran's I
Anselin's Local Moran's I statistic was used to identify clusters of features with values similar in magnitude, to identify outliers by comparison to neighboring features, and to map the residuals after building the regression model and to evaluate whether or not spatial pattern existed in the residuals.
Ethical considerations
Ethical clearance was obtained from the Institutional Review Board of the University of Gondar. A permission letter was also obtained from the Amhara National Regional State Health Bureau. Informed consent was held to each study participant about the benefits and risks of the study. Participant records were coded on each respective questionnaire and, to maintain confidentiality, were only accessible to the research team members.
Results
Socio-demographic characteristics
A total of 528 mothers who had at least one ANC visit for their last pregnancy and had given birth within the last 12 months were interviewed, and we received a response rate of 96.4%. Of the total number of participants, 385 (73%) were from rural areas; 392 (74.2%) were 20 to 34 years of age, 484 (91.7%) were married, and 511 (96.8%) were Orthodox Christians. The mean age of participants was 28 ± 6 years. Of these, 460 (87.1%) were housewives, 243 (46%) were unable to read and write, and 246 (46.6%) were annual income below the national average ( Table 1) .
Place of delivery and reasons for home delivery
Of the 528 mothers, 278 (52.7%) gave birth at their home (95% CI: 48.5, 56.6%). The most common reasons for home delivery were inaccessible transport services (n = 123, 44.2%), short duration of labor (n = 124, 44.6%), shame (n = 7, 2.5%), and distance from their home to health facility (n = 14, 5%) (Fig. 2) . Of the women who had home delivery, 95 (34.2%) were attended to by their mothers, 88 (Fig. 3) .
Obstetrics characteristics
Of the women who came from urban areas (n = 143), 72 (50.3%) visited ANC services four times; 316 (59.9%) had two to four pregnancies, and 320 (60.6%) had two to four parities. Of the total home deliveries (n = 278), 247 (88.8%) were from rural areas. For women, who had home births, the mean distance to the nearest health facility was 2.46 ± 1.95 km, and the mean distance to a health extension worker's home was 1.93 ± 1.48 km. Of women from urban areas, 143 (100%) resided within 2.5 km to the nearest health facility and 132 (92.3%) within 2.5 km to a health extension worker's home. From rural areas respondents, 151 (39.2%) and 237 (61.6%) resided within 2.5 km to the nearest health facility and health extension worker's home respectively (Table 2) . Of those who gave birth at a health facility, 132 (53%) had accessed an ambulance service (Fig. 4) .
Information and behavioral characteristics of respondents
The source of information for ANC services were: health care professionals 215 (40.7%), health extension workers 162 (30.7%), radio/Television 74 (14%), relatives and friends 77 (14.6%). About 284 (53.8%) of them considered this the information to be helpful to both mothers and their children. Four hundred and thirteen (78.2%) women decided their place of delivery jointly with their husbands. Only, 106 (20%) women received health education during their ANC visits (Table 3) .
Spatial variation of home deliveries
Spatial cluster analysis revealed that home deliveries have shown spatial variation (Fig. 5) . Buffer analysis demonstrated that the majority of home deliveries were within 5 km of the nearest health facility and health extensions worker's home (Fig. 6) . We also demonstrated hot spot areas of home deliveries and variations across study areas (Fig. 7) .
Spatial scan statistics
The highest proportion of home deliveries was in the Mekuabiya and ZurAmba kebeles (n = 50, 18%). Ten spatial clusters of home deliveries were identified. The most likely spatial clusters were detected (LLR = 14.5, p < 0.001) in the Safida Giorgis kebele in which there were 22 (4%) births (Fig. 8) . Secondary clusters were mainly located in the Checheho [LLR = 9.2, p < 0.05] and ZurAmba [LLR = 8.5, p < 0.05] kebeles (Table 4) . Figure 9 shows that the Local Moran's I result agree with areas with clustering of home deliveries. However, there are kebele that the Local Moran's I (Fig. 9 ).
Local Moran's I results
Factors associated with home deliveries
Women who lived within 2.5-5 km of a health extension worker's home (AOR = 2.2, 95% CI: 1.1, 4.3) were twice more likely to deliver at home than those who resided within 2.5 km. Women from rural areas (AOR = 3.8, 95% CI: 1.3, 10.9) were four times more likely to give birth at home compared to women from urban areas. Mothers who had one ANC visit (AOR = 6.1, 95% CI: 1.9, 19.3) were six times more likely to deliver at home compared to women who had four or more ANC visits. Women who did not receive health education (AOR = 3.4, 95% CI: 1.5, 7.4) were three times more likely to deliver at home compared to those who obtained health education during ANC visits.
Mothers who had received a place of delivery information from health facilities (AOR = 0.3, 95% CI: 0.1, 0.7) were 70% less likely to deliver at home compared to their counterparts. Mothers who decided the place of delivery jointly with her husband (AOR = 0.3, 95% CI: 0.1, 0.8) were 70% less likely to give birth at home compared to mothers who decided alone. Women who had knowledge about the place of delivery (AOR = 0.04, 95% CI: 0.02, 0.09) were 96% less likely to give birth at home compared to their counterparts (Table 5 ).
Discussion
Home delivery remains common in Ethiopia but brings many risks for both mothers and their babies. In this study, we characterized the spatial distribution of home deliveries in order to prioritize risks and facilitate geographically based interventions. We found that home delivery after ANC visits shown a spatial variation and remain a public health problem. The occurrence of home deliveries was clustered in rural areas of the Lay Gayint district. Predictors of home deliveries included a number of ANC visits, distance from the nearest health extension worker's home, being rural, sources of information about the ANC, the decision to choose the place of delivery, knowledge about the place of delivery, and health education.
In this study, 52.7% (95% CI: 48.5, 56.6%) of women delivered at home and without any skilled attendants. The finding is similar to the studies conducted in the Urban Slum of Delhi (India), 53% [16] , and Kenya, 53% [17] , but is larger than previous studies conducted in Holeta Town, Ethiopia (38.4%) [18] , Ghana (21%) [19] , Tanzania (25.5%) [20] , India (37%) [21] , Nigeria (40%) [22] , Nepal (45%) [23] , and Basra (26.1%) [24] . The possible reasons for home deliveries might be due to the mothers' perception, sudden onset of labor, distance from a health facility, and inaccessible transportation [5, 20] . However, in this study, the home delivery rate was lower than other studies conducted in Ethiopia, such as in the Sekela district, 87.9% [25] , Fogera district, 68.4% [11] , and Haromya district, 63.5% [26] , as well as studies conducted in rural Tanzania 61% [27] , northern Bangladesh 91.3% [28] , and rural Nepal 69.2% [29] . These differences might be due to free ANC services in the studied area, and more efficient delivery and ambulance services. Thus, these free services could help to decrease the probability that women will have to give birth at home.
In this study, three significant home delivery clusters were detected within rural areas. This approach explored heterogeneity within residential settings. This finding was inconsistent with a similar study conducted in Indonesia, in which home delivery clusters were rather detected in urban areas [30] . In Ethiopia, the presence of skilled attendants during deliveries is only possible in health facilities, which rural women are therefore less likely to have access too.
This study also identified factors that influence women's home delivery. Distant women's home location to the health facility was the main predictor for home delivery. Women from rural areas were four times more likely to choose a home delivery than women from urban areas. This finding was consistent with studies done in Ethiopian districts such as Fogera [11] and Sekela [25] , as well as other countries such as Kenya [17] , India [21] , and Ghana [31] . This may be due to inadequate availability of health services, poor infrastructures, ambulance delays, inaccessibility of information, and low educational status of women from rural areas.
A statistically significant association was found between the distance from a health extension worker's home and home deliveries, whereby women who lived 2.5-5 km away were two times more likely to deliver at home. This is consistent with another study conducted in Ethiopia [26] and other developing countries such as Kenya [32] , Nepal [29] , and Zambia [33] . This might be due to inadequate ambulance services and geographic inaccessibility.
Sources of information about ANC services also had a statistically significant association with home deliveries. Namely, women who had received information from health institutions were 68% less likely to deliver at home. This is consistent with another study done in the Haromya district in Ethiopia [26] . A lack of key health information during ANC visits at a health facility could have resulted in women choosing to home deliveries [34] . The number of ANC visits also had a statistically significant association with home deliveries; women who had only one ANC visit were six times more likely to give birth at home. This may be because frequent contact with skilled providers during pregnancy allowed women to acquire more information concerning the importance of the presence of a skilled attendant during childbirth. This is consistent with other studies conducted in other areas of Ethiopia such as Fogera [11] , Sekela [25] , and Ankasha Guagusa [35] , as well as another study conducted in Tanzania [20] .
Mothers who did not have any health information exposure were three times more likely to deliver at home. This finding is consistent with studies conducted in Ethiopian districts, such as Fogera and Haromaya [11, 26] , northern Bangladesh [28] , and Biharamulo, Tanzania [36] . The possible reason for this might be, as pregnant women attend more ANC visits, they have the chance to get health education services. Therefore, those who got this service would give birth at a health facility instead of home.
Home deliveries were 68% less likely when the place of delivery was decided on by both mothers and husbands compared to when the decision was made by mothers only. This finding is consistent with other studies conducted in Addis Ababa, Ethiopia [37] , rural Nepal [20] , and the Biharamulo district, Tanzania [36] . This is suggestive of the male involvement in the higher rates of health facility deliveries.
These findings detected home delivery clusters that could help to prioritize and develop geographically based interventions to reduce events associated with birth by decreasing home births. This study also identified the clusters of residual values using LISA maps. The significance map also showed the p-values on a test of spatial randomness. The p-value could help to show the significance of the Local Moran's I′. These clusters and spatial outliers' , revealed places of interest that warrant further study. However, the spatial scan statistic might produce large clusters containing many kebele with low home deliveries and distances from women home to health facility were not based on the exact estimate of the actual distance.
Conclusion
Home deliveries were more common to rural women and remain a public health problem. We found a spatial variation in home deliveries after ANC visits. Our results suggest that improving ANC service utilization and educating mothers and their partners in rural areas may reduce the number of home deliveries and consequently reduce complications associated with it. The increasing availability of Geo-referenced data provided the opportunity to link health facility data with household data, enabling researchers to explore the influences of distance and service quality. 
